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ABSTRACT  At  the  request  of  the  US  Navy,  the  Bureau  of  M  ines  has 
Investigated  the  explosibility  hazards  of  plastic  abrasive  media  used  for 
removing  paint  from  the  surfaces  of  aircraft  and  aircraft  sections.  The 
tests  included  both  original  and  recycled  media.  Pour  types  of  plastic 
media  were  tested  and  compared  with  Pittsburgh  bituminous  coal  and 
polyethylene.  The  tests  were  performed  in  a  20-L  explosibility  test 
chamber  and  a  1.2-L  ignitabillty  furnace. 

The  original  coarse  media  used  for  abrasive  blasting  of  aircraft 
components  could  not  be  ignited  when  dispersed  as  a  dust  cloud,  but 
the  fines  generated  during  the  blasting  process  were  capable  of 
generating  strong  explosions, 
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investigated  the  exploslblllty  hazards  of  plastic  abrasive  media 
used  for  removing  paint  from  the  surfaces  of  aircraft  and  air¬ 
craft  sections.  The  tests  Included  both  original  and  recycled 
media.  Four  types  of  plastic  media  were  tested  and  compared 
with  Pittsburgh  bituminous  coal  and  polyethylene.  The  tests 
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were  performed  In  a  20-L  explosl bll 1 ty  test  chamber  and  a 
1.2-L  Ignltablllty  furnace. 

The  original  coarse  media  used  for  abrasive  blasting  of 
aircraft  components  could  not  be  Ignited  when  dispersed  as 
a  dust  cloud,  but  the  fines  generated  during  the  blasting 
process  were  capable  of  generating  strong  explosions. 
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FOREWARD 


This  work  was  sponsored  by  the  Naval  Facilities  Engineering  Coon  and 
and  the  Naval  Civil  Engineering  Laboratory  aa  part  of  the  program  to 
implement  Elastic  Media  Blasting  (PMB)  in  the  Navy.  This  work  is  an 
excellent  technical  evaluation  of  plastic  media  explosibility  and 
ignitabillty.  This  report  provides  a  number  of  useful  recommendations 
on  maintaining  safe  dust  collection  operations  at  PMB  facilities. 

The  Bureau  of  Mines  is  also  planning  to  publish  this  report  under  a 
Bureau  of  Mines  cover. 
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SUMMARY 


This  report  described  the  results  measured  by  the  Bureau  of  Mines 
on  the  sxplosibility  and  ignitability  of  three  Kopper't  and  a  DuPont 
■edia.  The  general  conclusions  are: 

s  Recycled  sedia  in  the  range  of  12  to  80  mesh  will  not  explode. 

•  Paint  particles  did  not  affect  dust  explosibility. 
s  The  largest  particle  sise  that  exploded  was  40  mesh  Polyextra  at 
200  grams  per  cubic  meter. 

s  The  lowest  explosive  concentration  at  200  mesh  was  Polyextra  at 
45  grams  per  cubic  meter. 

s  The  DuPont  media  had  results  similar  to  the  Kopper's  media  even 
though  the  DuPont  media  is  a  thermoplastic  acrylic  media  and  the 
Kopper's  media  are  thermoset  formaldehydes. 

s  The  greatest  potential  for  dust  explosions  is  in  the  baghouse. 

The  report  recommends  using  explosion  vents  as  a  safety  precaution. 
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EXPLOSIBILITY  AND  IGNITABILITY  OF  PLASTIC  ABRASIVE  MEDIA 
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3  4 

Isaac  A.  Zlochower  and  Ronald  S.  Conti 


INTRODUCTION 

At  various  times  in  its  history,  the  Buraau  of  Minas  has  conducted 
dust  explosibility  testa  at  the  request  of  other  government  agencies  and 
private  industries  (JL-&)5.  In  1985  the  Bureau  conducted  some  brief, 
preliminary  testa  of  plastic  abrasive  media  at  the  request  of  the  Air 
Force  (£)  and  Navy  (fi)>  Those  plastic  madia  were  used  in  the  blast 
cleaning  of  aircraft  and  aircraft  sections. 


^Research  physicist 
‘Supervisory  research  chemist 
^Research  chemist 
^Electronics  engineer 

^Pittsburgh  Research  Center,  Bureau  of  Mines,  Pittsburgh,  PA 
Underlined  numbers  in  parentheses  refer  to  items  in  the  list  of 
references  at  the  end  of  this  report 
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In  1986,  the  Bureau  was  requested  by  the  Navy  to  do  a  more  thorough 


study  of  the  dust  explosibility  hazards  of  various  plastlo  media.  In 
particular,  the  Navy  desired  a  detailed  study  of  the  effeot  of  partiole 
size  on  explosibility.  The  tests  were  oonduoted  in  a  20-L  ohamber  and  a 
1.2-L  furnaoe. 

APPARATUS  AND  EXPERIMENTAL  METHOD 
Plastio  Media  and  Comparison  Dusts 
Three  types  of  plastio  abrasive  media  from  US  Teohnology 
Corporation^  were  tested)  Polyextra  is  a  polyester  styrene  whioh  is  a 

^Reference  to  trade  names  is  for  identification  only  and  does  not 
imply  endorsement  by  the  Bureau  of  Mines. 

relatively  soft  abrasive  with  a  Mohs  hardness  of  3.  Polyplus  is  an 
alpha  oelluloae  filled  urea  formaldehyde  with  a  hardness  of  3.5. 

Type  III  is  a  urea  melamine  formaldehyde  with  a  hardness  of  H.  A  fourth 
type  of  plastio  media  from  E.  I.  Du  Pont  de  Nemours  and  Company  was  also 
tested.  This  Type  L  Solldstrlp  plastio  stripping  abrasive  is  an  aorylio 
resin,  polymethyl  methaorylate  (PMMA) ,  whioh  has  a  hardness  of  3*5. 

The  media  are  originally  very  ooarse  in  size,  auoh  as  16  by  12  mesh 
(1180  to  1700  um).  During  the  blast  oleaning  and  reoyoling,  the  media 
progressively  degrade  to  smaller  and  smaller  sizes.  The  fines  are 
removed  during  reoyoling  and  are  normally  oolleoted  in  a  baghouse.  To 
compare  the  relative  explosibility  of  the  three  US  Teohnology  media,  all 
were  tested  as  fine  powders  whioh  were  nominally  minus  200  mesh  (less 
than  75  pm).  The  physloal  and  chemical  characteristics  of  these  three 
fine  dusts  are  listed  in  table  1. 


TABLE  1.  -  Physical  and  ohemical  data  for  the  fine  size  dusts 


it 


Plaatio  Media _ I  Pittsburgh 


Dust . Polyethylene  bituminous 

_ _ Polyextra  Polyplus  Type  III  ooal _ 


Proximate  analysis 

volatility,  t .  100  94  79  74  36 

fixed  oarbon,  0  2  11  16  56 


moisture,  t .  0  17  9  1 


aah,  J . 

Heating  value,  Btu/lb 
oal/g 

Particle  Size 
minus  200  mesh,  K. 
Da,  um . 


0 

20,000 

11,100 


1 

7,200 

4,000 


7 

13,800 

7,700 


93 

27 


96 

-9 


94 

12 


77 

29 
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For  comparison,  polyethylene  dust  and  pulverized  Pittsburgh  seam 
bituminous  ooal  were  tested,  and  their  oharaoteristlos  are  also  listed 
in  the  table.  The  proximate  analyses  were  measured  aooording  to  ASTM 
standard  test  method  D3172.  The  heating  value  was  measured  in  a  bomb 
oalorlmoter  aooording  to  ASTM  standard  test  method  D2015.  The  partlole 
size  data  are  a  combination  of  data  from  several  methods »  aonio 
sieving,  Coulter  oounter  (eleotrolytlo  oonduotivity  through  a  small 
orifioe),  and  Mlorotrao  laser  light  scattering.  The  minus  200  mesh  or 
minus  75  vim  fraotlon  is  listed  along  with  the  surfaoe  mean  partlole 
diameter,  Da,  and  the  mass  or  volume  mean  diameter,  Dw.  All  of  the 
dusts  are  fairly  fine,  although  the  Polysxtra  and  ooal  are  slightly 
larger.  In  addition  to  the  fine  size  dusts  listed  in  table  1,  ooaraer 
sieved  fraotions  with  narrow  size  distributions  were  tested  as  described 
later  in  this  report.  Sieved  fraotions  of  the  Type  L  PMMA  were  also 
tested. 

20-L  Exploslblllty  Test  Chamber 
The  20-L  laboratory  chamber  (J)  used  for  the  flammability  and 
ignitabllity  testing  of  the  dusts  is  shown  in  figure  1.  The  optioal 
dust  probes  (8-9)  are  used  to  measure  the  dust  dispersion  uniformity. 

The  dust  to  be  tested  la  plaoed  in  the  reservoir  at  the  bottom  of  the 
ohamber  and  is  dispersed  through  the  holes  in  the  nozzle  by  a  blast  of 
air  from  a  reserve  tank  (not  shown).  The  standard  procedure  is  to 
partially  evacuate  the  chamber  to  0.1  atm  absolute  so  that  the  blast  of 
air  (which  disperses  the  dust)  raises  the  ohamber  pressure  to  1  atm 
absolute  at  ignition.  The  normal  ignition  souroes  aro  eleotrically 
aotivated  pyroteohnlc  ignitors  (H))  with  calorimetrio  energies  of  500  to 
5,000  J.  For  comparison,  the  energy  released  when  an  entire  book  of  20 


pocket  matohes  ignites  at  once  is  only  slightly  less  than  that  of  the 
2500  J  Ignitor.  A  more  detailed  description  of  the  experimental 
procedures  oan  be  found  in  reference  7.  This  chamber  is  an  improved 
version  of  the  8-L  ohamber  (1_0  previously  used  at  the  Bureau. 

1.2-L  Ignltabillty  Furnaoe 

The  1.2-L  furnaoe  ( 1_2)  used  to  measure  the  thermal  ignitabillty  of 
the  dusts  is  shown  in  figure  2.  For  the  thermal  ignition  tests*  the 
furnaoe  is  set  at  a  predetermined  temperature  and  the  dust  is  placed  in 
the  dispersion  reoeptacle.  The  reoeptaole  is  then  quiokly  inserted  into 
the  bottom  of  the  furnace,  and  an  air  blast  from  the  reservoir  disperses 
the  dust  into  the  furnace.  A  fiberglass  filter  diaphragm  on  the  top  of 
the  furnaoe  oonfines  the  dust  so  that  its  oonoentration  is  controlled. 
The  maximum  time  of  exposure  of  the  dust  oloud  to  the  furnaoe 
temperature  is  at  least  several  seoonds.  after  whioh  the  dust  begins  to 
settle  out.  The  oriterla  for  ignition  are  that,  first,  the  diaphragm 
must  rupture  and  that,  seoond,  flame  must  be  observed  emitting  from  the 
top  of  the  furnace  within  a  time  of  1.5  a.  Beoause  of  its  larger 
volume,  more  uniform  dispersion,  and  longer  residence  time,  the  1.2-L 
furnaoe  generally  gives  somewhat  lower  minimum  autoignltlon  temperatures 
( 1_2)  than  does  the  0.3-L  Godbert-Greenwald  furnaoe  (1JJ)  used  in  earlier 
Bureau  studies. 

EXPERIMENTAL  DATA 

Coarse  Size  Plastlo  Abrasive  Media 
The  first  dust  explosibillty  tests  were  performed  with  the  ooarse 
size  Polyextra  and  Polyplus  abrasive  media.  The  size  was  1 6  by  12  mesh 
or  1180  to  1700  pm.  Both  media  were  tested  in  the  20-L  ohamber  at  high 


dust  concentrations  and  no  explosions  were  observed,  even  with  the  very 
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strong  5000  J  ignitors. 

Reoyoled  Polyplus  media  (nominally  80  by  12  mesh  or  180  to  1700  um) 
from  the  aircraft  blasting  reoiroulation  system  were  tested  and  did  not 
explode  with  the  5000  J  ignitors.  A  sonio  sieve  size  analysis  showed 
that  about  80£  of  this  reoyoled  media  was  larger  than  50  mesh  or  300  um 
and  about  90J  was  larger  than  80  mesh  or  180  pm.  Only  2 %  was  less  than 
200  mesh  or  75  um. 

Fine  Size  Plaatlo  Dust 

The  three  fine  size  US  Teohnology  plastio  dusts  (Polyextra, 

Polyplus,  and  Type  Ill)  listed  in  table  1  are  oapa^le  of  generating 
strong  explosions.  The  20-L  test  data  for  these  dusts  are  shown  in 
figures  3-5.  The  explosion  pressure  ratios  and  rates  of  pressure  rise 
are  plotted  as  a  funotion  of  dust  oonoentration.  The  pressure  ratio  for 
eaoh  teat  is  the  peak  absolute  explosion  pressure  (oorrected  for  the 
pressure  rise  of  the  ignitor)  divided  by  the  pressure  at  ignition  (about 
1  atm  or  bar  absolute).  Therefore,  the  pressure  ratio  is  approximately 
the  absolute  explosion  pressure  in  atm  or  bar.  Both  the  maximum  rate  of 
pressure  rise,  dP/dt,  and  the  normalized  value,  Kg^  •*  (dP/dtjV1  ^3,  are 
shown  in  the  upper  seotions  of  the  three  figures.  The  lean  flammable 
limit  or  minimum  explosible  concentration  is  the  lowest  dust 
concentration  that  will  produce  an  explosion.  In  this  report,  the 
speoifio  oriteria  (1_0)  used  to  signify  flame  propagation  are  that  the 
pressure  ratio  be  greater  than  two  and  that  the  Kg^-value  be  greater 
than  1.5  bar  m/s.  The  lean  limits  are  determined  from  graphs  such  as 
those  in  figures  3_5. 

A  summary  of  the  explosibllity  data  for  the  2500  J  ignitors  is 
listed  in  table  2  where  the  data  are  oompared  to  those  for  polyethylene 

VHVh  yy  v*  vv  uv  wv.  v*  wv  yy  vkvx  u%  v 


and  Pittsburgh  ooal.  Polyethylene  has  the  lowest  lean  flammable  limit 
or  minimum  exploeible  concentration,  35  g/m3  with  the  2500  J  ignitors. 
From  the  data  in  Figure  3,  the  Polyextra  lean  limit  of  50  g/m3  is  only 
slightly  higher  than  that  of  polyethylene.  Next  is  the  Pittsburgh  ooal 
whose  lean  limit  is  90  g/m3.  The  Type  III  and  Polyplus  have  the  highest 
lean  limits  of  120  and  1 80  g/m3,  respectively.  However,  other  fine  size 
Polyplus  from  a  separate  sample  had  a  lean  limit  of  130  g/m3  as 
described  later  in  this  report  in  the  seotion  on  partiole  size  effects. 

All  five  fine  dusts  produoed  large  explosion  pressures  at  high  dust 
concentrations ,  and  the  average  maximum  pressure  rise  values  are  listed 
in  table  2.  The  Polyplua  and  Type  III  produoed  the  highest  maximum 
pressure  rises  while  the  Polyextra  produoed  tho  lowest,  even  though  its 
lean  limit  was  lower.  Normally,  higher  maximum  pressures  oorrelate  with 
lower  lean  limits.  In  terms  of  pressure  rise  rates  or  KSt“values,  the 
polyethylene  was  the  highest  and  the  Polyextra  was  the  lowest.  One 
possible  explanation  for  this  anomaly  is  that  there  were  few  very  fine 
size  partioles  (only  3 l  by  weight  less  than  400  mesh  or  38  um)  in  the 
Polyextra  although  951  was  less  than  200  mesh  or  75  um.  The  other  four 
dusts  had  a  much  larger  fraction  of  fine  partioles  less  than  400  mesh. 
Note  that  the  maximum  Kgt-values  were  measured  at  a  moderate  turbulence 
level  in  the  Bureau  20-L  chamber.  This  level  was  lower  than  the  high 
turbulence  level  used  for  dust  exploslbility  testing  described  in  the 
VDI  3673  and  ISO  6184/1  standards  (1_4“1J>). 

The  pyroteohnlc  ignltabllity  of  four  of  the  dusts  from  table  1  was 
investigated  by  measuring  the  lean  flammable  limits  in  the  20-L  chamber 
with  ohemlcal  ignitors  of  various  energies  (fig.  6).  The  data  show  that 
the  variations  of  the  lean  limits  with  energy  for  the  Polyextra  and 


TABLE  2.  -  Exploaibility  and  lgnitability  data  for  the  fine  dusts  from  table  1 


Dust . 

Polyethylene 

20-L  data  with  2500  J  ignitors 

Lean  flammable  limit,  g/m3... 

35 

Maximum  pressure  rise,  bar... 

6.0 

Max.  pressure  rise  rate, bar/s 

-220 

Maximum  Kst’  bar  m/s . 

-60 

1.2-L  furnaoe  data 

MAIT,  °C . 

uoo 

r  Plastio  Media  f 

Polyextra 

Polyplus 

Type  III 

Pittsburgh 

bituminous 

ooal 

fr 

90 

5.7 

- 

-120 

-33 

5*10 

10 


Type  III  are  of  a  similar  form  to  those  for  polyethylene  and  Pittsburgh 
ooal.  Although  the  Polyplus  was  not  apeolfloally  Investigated!  it  is 
probably  oomparable  to  the  Type  III.  All  of  the  fine  size  dusts  were 
easily  Ignited  with  the  500  J  ignitors,  the  lowest  energy  tested.  The 
Ignitor  energy  in  figure  6  is  shown  on  the  left  ordinate  as  the  nominal 
oalorlmetrio  energy  and  on  the  right  ordinate  as  an  effeotive  energy 
deposited  into  the  gas  (10) .  In  tho  text  of  this  report,  the  ignitors 
are  referred  to  by  their  nominal  oalorlmetrio  energies. 

In  addition  to  the  dust  explosiblity  tests  in  the  20-L  ohamber,  the 
minimum  autolgnitlon  temperatures,  MAIT's,  were  measured  in  the  1,2-L 
furnace  and  these  data  are  also  listed  in  table  2. 

The  general  oonolusions  from  the  20-L  ohamber  and  1.2-L  furnaoe  tests 
of  the  fine  size  dusts  are  that  the  Polyextra,  Polyplus,  and  Type  III 
show  a  range  of  exploalblllty  and  lgnitabillty  properties  that  are 
oomparable  to  the  range  between  polyethylene  and  Pittsburgh  ooal.  The 
relative  ranking  depends  on  the  particular  oharaoterlstio  measured  (l.e. 
lean  limit,  maximum  pressure,  maximum  rate  of  pressure  rise,  or  MAIT). 

Baghouse  Residue  versus  Original  Dust 

In  addition  to  the  exploalblllty  tests  of  the  original  plastlo 
media,  the  Navy  specifically  requested  a  study  of  the  residue  dust  from 
the  baghouse  oolleotor.  This  residue  consisted  of  fines  from  the 
degraded  plastic  media  plus  the  paint  removed  from  the  airoraft.  The 
purpose  was  to  determine  if  the  explosibility  of  the  Polyplus  fines 
would  be  significantly  affeoted  by  the  paint  particles  removed  from  the 
airoraft  components.  A  sample  of  baghouse  residue  from  a  blasting  booth 
using  Polyplus  media  was  sieved  through  a  100  mesh  screen  for  testing. 
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This  residue  sample  had  80)  minus  200  mesh  and  average  sizes 

D0  -  20  p*  and  Dw  -  4H  pm,  A  sample  of  original  Polyplus  dust  of  a 

i 

similar  size  distribution  was  made  by  earefully  mixing  minus  200  mesh 
and  minus  100  mesh  samples  of  pure  Polyplus  dust.  This  comparison  l 
sample  of  pure  Polyplus  dust  had  79)  minus  200  mesh  and  average  sizes 
Dt  -  16  um  and  Dw  -  42  um.  The  results  of  the  20-L  exploalbllity  tests 
comparing  the  baghouse  residue  and  original  Polyplus  dust  are  shown  in 
figure  7.  The  lean  limits  and  maximum  pressures  for  both  samples  are 
essentially  the  same.  The  maximum  pressure  rise  rate  is  slightly  higher 
for  the  original  dust  than  for  the  baghouse  residue.  The  oonolusion  is 
that  the  paint  in  this  residue  does  not  signifloantly  affeot  the 
explosion  oharaaterlstloa.  The  reason  oould  be  that  the  paint  is  only  a 
small  fraotion  of  the  total  residue  dust  and/or  that  the  paint  itself 
has  exploalbllity  oharaoteristlos  similar  to  those  of  the  Polyplus. 

Partlole  Size  Effeot  on  Exploalbllity  and  Ignltablllty 
In  order  to  determine  the  largest  sizes  of  Polyextra,  Polyplus,  Type 
III  and  PMMA  that  are  exploalble,  the  four  media  were  sieved  into 
various  size  fractions  using  the  sieves  listed  in  table  3  and  samples  of 
minus  20  or  minus  40  mesh  dust.  The  lean  flammable  limits  for  the 
various  size  fractions  were  measured  in  the  20-L  ohaober  using  2500  and 
5000  J  ignitors.  The  MAIT's  for  the  various  fractions  were  measured  in 
the  1.2-L  furnaoo.  Similar  data  from  an  8-L  chamber  and  the  1.2-L 
furnaoe  for  ooal  dust  and  polyethylene  dusts  were  reported  previously 
(1£).  In  general,  there  is  a  oharaoteristio  diameter  below  which  the 
lean  limit  and  MAIT  are  independent  of  partlole  size  and  above  which 
marked  partlole  size  effects  are  observed.  At  still  larger  sizes,  there 
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It  a  orltloftl  diameter  or  maximum  explosible  diameter  «bov«  whioh  the 
dust  will  not  ignite* 


The  pftrtioie  else  effeot  data  for  Polyextra,  Polyplua,  and  Type  111 
are  shown  in  figures  8,  9,  and  10*  raapeotively.  The  Type  L  PMMA  d*ta 
are  ahown  in  figure  11.  The  data  for  the  polyethylene  and  Pittsburgh 
ooal  o oft par Ison  dusts  are  shown  in  figures  12  and  13.  for  the  ooarse 
sieve  fraotlons,  the  data  points  are  plotted  as  the  midpoints  of  the 
sieve  sise  intervals.  For  the  fine  sizes,  suoh  as  minus  400  mesh  or 
minus  200  mesh,  the  data  are  plotted  as  the  mass  median  diameters. 


TABLE  3«  “  Sieve  sizes 


Sieve  mesh 

Siae.  pm 

20 

m 

30 

600 

40 

425 

50 

300 

60 

250 

70 

212 

100 

150 

140 

106 

200 

75 

270 

53 

400 

_ 2§ _ 
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For  the  Polyextra  data  in  figure  8,  the  lean  limit  start*  to 
lnortase  significantly  with  Increasing  partlol*  slit  above  200  um. 

Using  the  2500  J  ignitor,  the  Polyextra  ignited  at  70  by  50  mesh  but  not 
at  larger  sizes.  Using  the  5000  J  ignitors,  about  half  the  tests  at  50 
by  40  mesh  resulted  in  explosions.  No  larger  sieve  fraotlon  was 
available  for  testing.  The  majority  of  the  tests  were  made  with  the 
2500  J  ignitors  because  the  5000  J  ignitor  may  overdrive  the 
20-L  chamber  somewhat  (10).  At  the  higher  temperatures  of  the 

1.2- L  furnace,  all  of  the  sieved  fractions  Ignited.  This  is  expected 
because  it  is  easier  for  the  dusts  to  volatilize  and  Ignite  at  elevated 
temperatures. 

The  Polyplus  data  for  different  sieved  fraotlons  are  shown  in  figure 
9.  The  fine  sized  fraotlons  sieved  from  the  minus  20  mesh  sample  all 
have  lean  limits  of  about  130  g/m3.  The  one  data  point  at  a  lean  limit 
of  180  g/m3  is  for  the  minus  200  mesh  sample  listed  in  tables  1  and  2. 
There  appears  to  be  some  intrinsic  difference  in  these  two  samples  of 
Polyplus,  as  reflected  in  the  different  lean  limits.  However,  the  MAIT 
for  the  minus  200  mesh  sample  is  comparable  to  that  of  the  fine  sized 
fraotlon  sieved  from  the  minus  20  mesh  sample. 

At  a  size  of  140  by  100  mesh,  the  Polyplus  (fig. 9)  would  only  Ignite 
at  high  oonoent rat  ions,  when  tested  in  the  20-L  chamber  with  2500  J 
Ignitors.  Ever,  with  the  5000  J  ignitors,  the  100  by  70  mesh  fraotlon 
would  not  Ignite  reproduoibly.  At  the  elevated  temperatures  in  the 

1.2- 1.  furnaoe,  the  50  by  40  mesh  fraotion  ignited  above  700*  C  but  the 
40  by  30  mesh  fraotlon  would  not  ignite  even  at  1000°  C. 


The  Type  III  results  (fig, 10)  want  slallar  to  the  Polyplut.  Tht 
140  by  100  imH  frsotion  would  only  ignite  at  high  dust  concentrations 
in  tht  20 -L  ohaabtr  with  tht  2500  J  ignitors.  The  100  by  70  atsh 
frsotion  would  not  lgnitt  rtproduoibly,  tvtn  with  tht  5000  J  ignitors. 

Zn  tht  1.2-L  furnsot,  tht  50  by  40  atsh  frsotion  ignlttd  above  800*  c 
and  this  was  tht  largtst  sltvt  frsotion  availablt  for  tasting. 

Tht  data  for  tht  various  sltvtd  fraotlona  of  tht  PMMA  art  shown  in 
flgurt  11.  Zn  tht  20-L  ohaabtr,  tht  ltan  lialt  is  about  80  g/a3, 
indtptndtnt  of  partiolt  slat  btlow  100  pa.  for  largtr  partlolt  slats, 
tht  ltan  Halt  lnortasts.  At  70  by  60  atsh,  tht  PMMA  would  not  ignlta 
with  tht  2500  J  ignitors.  At  60  by  40  atsh,  tht  PMMA  would  not  ignlta 
rtproduoibly  tvtn  with  tht  5000  J  ignitors.  Although  tht  MAZT  data  froa 
1 .2-1  furnsot  art  not  shown  in  flgurt  11,  tht  lowtst  MAZT  for  tht  flntst 
sltvtd  fraotlona  of  PMMA  was  500°  C. 

Tht  data  for  tht  polyathylana  oouparlson  dust  art  shown  in  flgurt  12, 
and  thay  art  oomparabla  to  data  rsportad  prtvlously  ( 1_6 )  using  wtaktr 
ignitors  and  tht  8-L  ohaabtr.  Tht  ltan  Halt  it  invariant  with  partlolt 
size  btlow  about  100  pa.  At  100  by  70  atsh,  tht  polyathylana  would  not 
ignlta  in  tht  20-L  ohaabtr  with  tht  2500  J  Ignitors,  but  it  would  lgnitt 
with  tht  5000  J  igniters.  At  70  by  50  mash,  the  polyethylene  would  not 
lgnitt  even  at  5000  J  energy.  In  the  1.2-L  furnsot,  the  polyethylene 
had  an  MAZT  of  450°  C  even  at  the  largest  size  tasted,  40  by  30  atsh. 

Tht  lean  Halt  of  the  Pittsburgh  ooal  (fig. 13)  is  invariant  with 
pwrtiole  size  below  about  100  pm.  At  100  by  70  mesh,  the  ooal  ignited, 
but  at  70  by  50  aesh,  the  ooal  would  not  ignite  in  the  20-L  chamber  with 

2500  J  ignitors.  Using  the  5000  J  ignitors,  the  70  by  50  mesh  ooal 
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Ignited,  but  the  50  by  MO  mesh  fraotlon  did  not.  At  ths  elevated 
temperatures  In  the  1.2-L  furnaoe,  the  ooal  Ignited  at  even  larger  sieve 
fractions. 

Tho  particle  size  dependences  for  the  six  dusts  from  the  20-L 
exploslbility  tests  are  summarized  in  table  M.  The  seoond  column  lists 
the  lean  limits  for  the  100  by  70  mesh  sieve  fraotlon,  using  the  2500  J 
ignitors.  The  third  and  fourth  oolumns  list  the  maximum  exploslble 
size,  above  which  a  dust  could  not  be  ignited  even  with  the  5000  J 
ignitors.  The  v«xl;iua  exploslble  size  is  listed  as  both  a  mesh  size  and 
the  equivalent  in  micrometers.  The  maximum  size  is  the  midpoint  of  the 
smallest  sieve  fraotlon  tested  that  did  not  produoe  any  explosions  or 
the  upper  limit  of  the  sieve  fraotlon  that  produoed  only  a  few  partial 
explosions.  These  tests  were  made  at  high  dust  concentrations, 
generally  300  to  700  g/m3.  The  maximum  exploslble  size  for  the 
Polyextra  is  an  extrapolated  value  beoause  the  50  by  MO  mesh  rraotlon 
was  the  largest  available  for  testing. 

AIRCRAFT  COMPONENT  BLAST INO  BOOTH 

The  various  plastia  abrasive  media  studied  in  this  report  are  used 
for  the  blast  oleaning  of  airoraft  and  components.  Those  plastlo  media 
are  hard  enough  to  remove  the  paint  but  soft  enough  not  to  harm  the 
metal  or  composite  skin  of  the  airoraft.  The  abrasive  media  are  used  in 
blasting  ohambors  that  range  in  size  from  glove  boxes  of  the  order 
1  m3  to  large  rooms  where  large  seotlons  of  aircraft  or  even  entire 
airoraft.  are  cleaned.  Figure  1M  shows  a  rough  schematic  of  one  suoh 
blasting  ohamber  and  its  associated  recycling  and  fines  collection 
systems.  An  operator  in  the  blasting  room  directs  the  abrasive  blasting 
media  at  the  airoraft  seotlons  using  a  pressurized  nozzle.  The  used 
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madia  fall  to  tha  floor  and  ara  oollaotad  through  a  grata .  Thay  ara 
than  conveyed  to  tha  madia  raoovary  or  raoyollng  system.  In  this 
axample,  tha  raoyollng  saparator  oonalsta  of  a  oyolona  and  aiava  ayatam 
whioh  aaparataa  tha  raoyolad  madia  (nominally  80  by  12  maah)  from  the 
mlnua  80  maah  fines.  Those  finaa  ara  air  oonveyed  to  tha  baghouae  duat 
oollaotor.  Airborna  finaa  from  tha  blasting  room  ara  also  air  oonvayad 
to  tha  baghouae  and  oollaotad.  Tha  ooaraa  madia  ara  raoovared  and 
oonvayad  to  tha  storage  hopper.  From  there  thay  go  to  the  pressure  pot 
blaster,  whioh  uses  pressurized  air  to  oonvey  tha  media  to  the  bleating 
room.  There  the  raoyoled  media  are  again  used  in  the  blast  cleaning  of 
the  alroraft. 

CONCLUSIONS  AND  RECOMMENDATIONS 

It  is  diffioult  to  make  an  aoourate,  total  hazard  evaluation  for  a 
generalized  system  whose  detailed  operational  characteristics  are  not 
specified.  A  total  hazard  assessment  requires  a  knowledge  of  details 
such  as  the  mass  feed  rate  of  the  abrasive  media,  the  size  distribution 
in  eaoh  region  of  the  system,  the  air  feed  rates,  the  rate  of 
degradation  of  ooarse  media  into  finer  dust,  the  partlole  separation 
character lstios  of  the  oyolones  and  sieves,  the  state  of  dust  dispersion 
in  eaoh  region,  and  the  probability  of  ignition  souroes  being  present  in 
the  various  regions  of  the  system.  Even  if  a  particular  system  oould  be 
so  quantified,  there  are  inevitable  uncertainties  associated  with 
variations  of  those  parameters  during  start-up  and  shut-down  operations 
and  other  nonsteady  state  or  transient  operating  conditions.  Clearly, 
auoh  a  speoiflo  hazard  assessment  is  beyond  the  soope  of  this  report. 
Nevertheless,  the  data  presented  here  suggest  some  general  approaches 
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that  may  be  uaeful  to  designers  and  operators  of  blast  oleaning  systems. 

Oeneral  Conclusions 

The  following  are  general  oonolusiona  on  the  hazards  associated  with 
the  use  of  these  plastlo  blasting  media. 

1.  All  other  factors  being  equal,  the  Polyplus  and  Typo  Ill 
plastlo  media  are  somewhat  less  hazardous  than  the  Polyextra  and 
PMMA.  The  Polyextra  and  PMMA  have  lower  lean  limit  concentrations 
and  larger  maximum  exploslble  diameters  than  either  the  Polyplus 
or  Type  III.  The  Polyextra  has  the  lowest  HA IT. 

2.  An  Important  parameter  in  the  overall  safety  performance  of 

any  system  is  the  rate  of  degradation  of  the  ooarse  material  into 
fines  during  the  blasting  operation.  While  the  reoyoled  media 
(nominally  80  by  12  mesh)  could  not  be  ignited  in  the  20-L  teats, 
the  fines  from  the  baghouse  oould.  In  the  blasting  booth,  there 
are  both  reoyoled  media  and  fines  generated  by  the  blasting 
process.  It  is  important  to  measure  the  amount  of  fines  present 
during  normal  operation  to  determine  if  there  are  enough  to  be  a 
potential  hazard. 

3.  The  paint  residue  in  the  baghouse  dust  did  not  significantly 
affeot  the  exploalbillty  characteristics  of  the  Polyplus  dust  that 
was  tested. 

Equipment  Recommendations 

The  following  are  oonolusiona  and  recommendations  that  are 
speolfioally  related  to  the  blasting  equipment. 

1.  On  the  basis  of  the  data  presented  in  figures  8*11  and 

summarized  in  table  the  largest  margin  of  safety  is  obtained  by 


operating  the  separation  system  in  suoh  a  way  that  only  media  with 
diameters  larger  than  the  maximum  explosible  diameter  are  reoyoled 
into  the  storage  hopper.  The  data  indioate  that  the  16  by  12  mesh 
as-reoeived  media  are  too  ooarse  to  be  explosible.  If  only  media 
ooaraer  than  the  maximum  explosible  diameter  are  reoyoled  and 
reused,  then  the  major  components  of  the  system  would  be  operating 
in  the  safest  possible  mode. 

As  a  general  rule,  dust  loadings  should  be  kept  as  low  as  possible 
in  all  regions  of  the  system,  especially  in  the  regions  that 
oontaln  fine  dusts.  Sinoe  fines  are  generated  in  the  blast 
oleanlng  operation,  their  presenoe  is  inevitable  in  the 
separation  and  recovery  system.  It  is  desirable  to  maintain 
the  fines  oonoentratlon  as  low  as  possible  in  the  oyolone 
and/or  sieve  system  that  is  used  for  the  separation.  The 
separation  system  should  therefore  have  a  minimum  storage  of 
material  and  a  rapid  flow  throughput.  Similarly,  air  flow 
rates  into  the  separator  and  out  of  the  separator  should  be 
high  enough  to  ensure  that  the  airborne  oonoentratlon  is 
below  the  lean  limit.  The  separator  system  should  be 
Independent  of  and  removed  from  the  final  fines  oolleotlon 
system. 

Naturally,  the  fines  are  eventually  oolleoted  and  the  oolleotlon 
system  is  usually  a  baghouse  filter  system.  While  a  baghouse  may 
not  be  the  safest  finftl  oolleotor  that  could  be  designed,  it 
appears  to  be  in  oommon  use.  It  may  be  difficult  or  impraotioal 
to  always  maintain  a  baghouse  at  a  dust  oonoentratlon  that  is 
below  the  lean  limit.  Aooordingly,  the  baghouse  is  best  looated 
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on  the  outside  of  the  faoility  and  should  be  proteoted  with 
explosion  relief  vents  sized  aooording  to  the  latest  applicable 
NFPA  68  oode.  The  relief  vents  should  be  designed  so  that,  if  an 
explosion  ooours,  the  hot  gases  vent  upwards  or  in  whatever  is  the 
least  hazardous  direction.  In  addition,  another  margin  of  safety 
oould  be  obtained  by  locating  rapid-aoting  explosion  isolation 
valves  or  barriers  between  the  fines  oolleotor  and  the  rest  of  the 
system. 

4.  The  air  pressure  drops  necessary  for  the  operation  of  the  oyolones 
and  filter  bag  collectors  should  be  obtained  from  fans  whose 
rotating  parts  are  external  to  the  dust  transport  system. 

They  should  either  be  upstream  of  the  separator  in  a  pushing 
mode  or  downstream  of  the  bag  filters  in  an  exhausting  mode 
or  both.  Rotating  fan  blades  should  not  dlreotly  oontaot  the 
duat-*air  mixture  being  transported.  The  use  of  suoh  external 
souroes  for  the  flow  minimizes  the  opportunity  for  frlotional 
ignition  within  the  pneumatic  transport  system. 

While  these  oonoluslons  and  recommendations  may  not  be  the  total 
answer  to  the  safe  design  of  an  airoraft  blast  oleaning  system,  they  may 
be  useful  in  providing  data  on  the  exploaibllity  and  ignitablilty 
hazards  of  the  plastic  abrasive  media  and  their  use  in  a  blast  oleaning 
system. 
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FIGURE  1.  -  20 -L  dust  explosibility  test  chamber. 
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FIGURE  H.  -  Explosibility  data  for  minus  200  mash  Polyplus  froo  the 
20-1  chamber. 
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FIGURE  6.  -  Ignitabillty  data  for  four  dusts  in  the  20-L  chamber  using 


cheraioal  Ignitors  of  varying  energy. 
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FIOURE  7.  -  Conparlaon  of  axploalbtlity  data  for  baghouaa  raaidua  duat 
with  thoaa  for  original  Poly  plus  of  tha  same  aiza. 
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FIGURE  8.  -  Effect  of  particle  size  on  explosibiUty  and  ignitablllty 


for  Polyextra. 
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FIGURE  9.  -  Effeot  of  particla  size  on  exploalbillty  and  ignitabllity 
for  Polyplua. 
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FIGURE  11.  -  Effaot  of  partiol*  site  on  exploatbility  of  PMM k. 
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12.  •  Effeot  of  partiolt  six*  on  axplosibllity  and  ignltabllity 


for  polyathylena. 
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FIGURE  13 
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-  Effect  of  partlole  size  on  expansibility  and  ignitability 


for  Pittsburgh  bituminous  coal. 


DISTRIBUTION  LIST 


DTIC  Alexandria.  VA 
GIDEP  OIC,  Corona.  CA 

NAVFACENOCOM  Code  03,  Alexandria,  VA;  Code  112.  Alexandria,  VA 
NAVFACENGCOM  •  CUES  D1V.  Code  FPO.IPL.  Waahington,  DC 
NAVFACENOCOM  -  LANT  DIV.  Library.  Norfolk,  VA 
NAVFACENOCOM  •  NORTH  DIV.  Code  04AL,  Philadelphia.  PA 
NAVFACENOCOM  •  PAC  DIV.  Library,  Pearl  Harbor.  HI 
NAVFACENOCOM  -  SOUTH  DIV.  Library,  Charleston.  SC 
NAVFACENOCOM  •  WEST  DIV.  Library  (Code  04A2.2).  Sun  Bruno.  CA 

PWC  Code  101  (Library).  Oakland.  CA;  Code  123-C,  San  Diego.  CA;  Code  420,  Great  Lakei,  IL;  Library 
(Code  134),  Pearl  Harbor,  HI;  Library,  Guam.  Muriann  Wanda;  Library,  Norfolk,  VA;  Library,  Pensacola. 
FL;  Library,  Yokosuka  JA;  Tech  Library,  Subic  Bay.  RP 


